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Positive electrode activator for lithium secondary battery and lithium secondary battery 



(54) 

(57) The object of the present invention is to provide 
a lithium secondary battery characterized by a high 
power capacity and a long service life. 

The above object can be attained by the present 
invention providing a lithium secondary battery compris- 
ing a negative electrode 3. a positive electrode 2 and 
non-aqueous electrolyte containing lithium salt; said 
lithium secondary battery characterized by further com- 
prising the multiple oxide represented by a general for- 
mula Ux+aMn2-a-bMbQc04«i (where M denotes at least 
one element selected from among Ni. Fe. Co. Cu and 
Cr; Q denotes at least one element selected from 
among C, N, S, R Si, F, CI, I and Br; and x, a, b. c and d 
are within the range of 0^x^1.1, O^a^ 0.5, 0.05 <. b 
< 1 .0, 0.000001 < c < 0.05 and 0 < d < 0.1 . respectively) 
as positive electrode activator. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] -The present invention relates to a positive electrode activator used in the lithium secondary batten^ and a 
Sa, "TSm\r.:te^^ onCbanery is one o, the indispensable components as a power supply for per- 

LlorlonTeSals (^^^^^^^^^^^ assent, persona, intelligent communicator or hand-held communicator) are 
S ^''Z:r:'::::^^ree . emission gas and noise are Acting ^en inte.st^^^^^^ 

ro°l an de— e ^orce of 3.6 to 3.8 volts or more for LULiW, and is commonly used as a h,gh energy density 
. F— " ■ „ spinel based lithium manganate provides a high voltage of 4.6 to .7 volts 

orut^^^^^^^ ^^-"9 a potential of 4.5 volts or more for Li/Li W.and (2) a lithiur. 

th^— ra^metauS^ with a'speclfied amount of a specific charcogen is used as a posmve electrode acfvator 

Zrn manqanese multiple oxide represented by general fomiula Li,Mn(2.y.,)MyCr,0U.p) (where M denotes N. or Co) 
r^thZLeTed coXound represented by general "(-y.)^^^^^ (w^^^^^^ 

metal) provide the advantage of getting a high voltage of 4.5 to 4.7 volts. This makes It possible to reduce the numoer 
of blr es connoted in series. Lreby ensuring a compact configuration and light weight of the system. 
0121 However, only about 50 cycL of service life can be ensured according to evalua on <^^-l^f^^<^ 
ithium secondary battery manufactured as a tentative product using these -"-^^^^'^^^^^^re istit 
[00131 TTie short cycle service life is attributable to the fact that organic component .n ^'^^tfolj^ '"f " 

decomposition at a high voltage and is turned Into vapor to be stored into the ^^^^^T^Xa s Xo'a VS^ 
Charging and discharging of the enclosed lithium secondary battery are repeated at a high J^f .f^'V^ ^° 
The stored gas not only Interferes with electrochemical reaction by charging and discharging but also may cause the 
battery cyHnder to expand and to explode In the final stage. woitaae and Is 

[0014] In the similar manner, the organic component Is easily subjected to ^^'^^J'P'^^'^^J';^^^ '^^^ ^^'en- 
turnei in to vapor to be stored in the battery easily, when using the electrolyte fomied Ijy f ^^^^ 
slty of one moLr into the mixed solvent of ethylene carbonate and dimethyl c=*°"^»« ^'^"J^^^ bv^feso JinS LiBF4 
cSsed in Official Gazette of Japanese Patent Laid-Open NO.073962/1999. orthe electrolyte forrned d-ssolving UBP4 
having a density of 1 .5 mol Into the mixed solvent of ethylene carbonate and diethyl carbonate blended at a ratio of 30 
55 to 70 disclosed In Official Gazette of Japanese Patent Laid-Open NO.147867/1 997 reoeated 
[0015] As described above, when charging and dtecharglng of the enclosed lithium secondary battery is repeated 
at a high voltage according to the prior art. cycle life will exceed 500 cycles. 
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SUMMARY OF THE INVENTION 



r0016] The object of the present invention is to provide a positive electrode activator for the lithium secondary bat- 
!e^ 1 a lithium secondary battery using said activator, wherein said activator provides a high voltage and said battery 
! ensures a service life of 500 cycles or more When designed in a enclosed battery structure. . 

0017 ThTpresent invention relates the Ifthlum secondary battery characterized in that charging ermination vo - 
ige 0 the ligle battery Is greater than 4.6 volts and smaller than 5.2 volts and the average discharge voltage is 
greater than 4.3 volts and is smaller than 5.0 volts. The following summaries the present invention. 

,0 ni A positive electrode activator for the IHhium secondary battery composed of non-aqueous electrolyte including 
n gative lectrode. positive electrode and lithium salt; said positive electrode activator for secondanj battery cha^ 
acterized by inclusion of the multiple oxide represented by a general fomiula Lix^aMn^a bMbQc04«i where M 
denotes at least one element selected from among Ni. Fe. Co. Cu and Or; 0 denotes at least one ele-^nt sele ted 
from among C. N. S. P. Si. F. 01. 1 and Br; and x. a. b. c and d are within the range of 0 < x < 1 .1 . 0 ^ a S 0.5. 0.05 

is < b < 1 0 0 000001 S c < 0.05 and 0 S d S 0.1 . respectively). 

[2] A'posnive electrode activator for the lithium secondary battery according to [1] wherein ^-d positive e^ec^de 
activator comprises (1) the multiple oxide represented by a general fomnula Li,,aMn2.a.bMbQc04«i where M 
eio s a east one element selected from among Ni. Fe, Co. Cu and Or. Q denotes at least one element sele te 
from among C. N. S. P. Si. F. CI. I and Br; and x. a. b. c and d are within the range of OS x 5 .1 . 0 < a < 0^5 0 05 
< b /l 0. 0 000001 s c < 0.05 and 0 < d S 0.1 . respectively), and (2) the tilting function matenal where Q has a 
higher density on the surface layer than inside the particle. , , , ^„ ,Mnn 

f3? A Dositive electrode activator for the lithium secondary battery composed of non-aqueous electrolyse nclud ng 
SgatCectr^d positive electrode and lithium salt; said positive electrode activator characterized by .nclusion 

' multiple oxide'represented by a general formula Ll,.aMn,.a.bMbQc04^ (where jj";;^^^^ '^^^^^^ 
n^ent selected from among Ni. Fe, Co. Cu and Or; O denotes at least one lo n ooOOOl < c 

SI. F. CI. I and Br; and x. a. b. c and d are within the range of 0 S x S 1 .1 . 0 S a < 0.5. 0.05 < b S 1 .0. 0.000001 S c 

r4]Tposletltaroi aXS^^^ lithium secondary battery according to [3] whereir, said P°f '^e j^jl^ 
actCator further characterized by containing a tilting function material where Q of the multiple oxide has a higher 

S on Je surface layertha'n inside the particle; said multiple oxide being -P-^Jf-^^^^y^^-- 
Li ,Mnp . bMbQc04„i (where M denotes at least one element selected from among Ni Fe. Co. Cu and Cr Q 
iTotes at'?east one element selected from among C. N. S. P. Si. F. CI. I and Br; and x. a, b, c and d are within the 
range of 0 < x < 1 .1 . 0 < a < 0.5. 0.05 < b S 1 .0. 0.000001 < c < 0.05 and 0 < d < 0.1 . respectively). 

[00181 Primary particles (of the order of submicrons) and/or secondary particles (aggregate of primary Pa^teles) of 
s^d particles are composed of tilting function materials where the multiple oxide Q has a higher density .nside than on 
the surface layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[00191 

Figure 1 is a schematic diagram representing a sectional view of an example of the structure of lithium secondary 

c o, p.*. a*,,., 

LlMni eNio 4Qe04«i(Q=F.C". Si. Br. N) and cycle life; » ^ia,^r«w» -rtiufltor 

Figure 4 Is a chart representing the relationship between the value c of positive electrode activator 

^"Is^rcha"' JepSlS'ri'^Utionship between the values c and d of pos^ive electrode activator 

55 O T^'tefc&ep'rSenting the relationship between the atom '/o of added element Q with respect to Mn at dls- 

tance d from the particle surface to the particle interior. 
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DETAILED DESCRIPTION OF THE INVENTION 

rO0201 The secondary battery of the present invention permits stable charging and discharging at a higher voltage 
than the conventional secondary battery. Especially, it provides a excellent lithium secondary battery having a charging 

To^T't^'slS S^cfThTpresent invention is characterized in that charging and discharging are per- 
formed at a higher voltage than in the conventional secondary battery, and thee positive electrode material used allows 
stable charqing and discharging in an enclosed battery system at a higher voltage as well. . , ^ 

So22l Te value of x A representing the volume of Li is changed by charging and discharging. In other words, 
deintercalation of Li ion is caused by charging, and the value of x + a Is reduced, intercalation of Li Ion by discharge 

ro0231 '° '"rthrvollme of'u il grtSerthan 1 .6. an excessive volume of by-products such as lithium carbonate, lithium 
oxL and lithium hydroxide will be generated in the process of baking. These substances will react as a bond when 
^Tnufacturing ele Jrodes. with the result that electrodes cannot be manufactured successfully. To ""anufacture elec- 
tmdes successfully, the volume of by-products should be as small as possible, and the value of x + a is preferred not to 

looll] ^'furthermore, it is preferred that Mn be replaced with at least one element selected from among Ni. Fe. Co. 

mS S'e^iluTof b'denoting the volume of M is not changed by charging and discharging, but is within the range 
of 0 05 < b < 1 0. When b is less than 0.05. charging and discharging capacrty is low at a high voltage wrthout the effect 
of M suf^icie'ntly utilized, and this is not preferred. When b exceeds 1 .0. a great amount of by-products will be generated. 
Especially M unable to react any more remains as oxide, with the result that capacity is reduced^This is not preferred. 
10026 Q is at least one element selected from among C. N. S. P. Si. F. CI. i and Br. and the added volume c thereof 
s within the range of 0.000001 < c < 0.05. If c is less than 0.000001. the effect of Q is not sufficiently utilized. Thus 
organic component in electrolyte is easily subjected to decomposition at a high voltage and fe turned into vapor to be 
stored into the battery, with the result that battery service life is reduced. Furthermore, if c exceeds 0.05, resistance 
inside the activator te increased to reduce capacity. This is not preferred. ^ ,h<, oHHoH v,oi,.mP 

[0027] The "d -related to the volume of O (oxygen) differs according to the type of "Q and the added volume 
thereof. When c is within the range of 0.000001 ^ c < 0.05. d is within the range of 0 S d < 0.1 . 
10028] Furthermore, the positive electrode activator according to the present invention is characterized by contain- 
ing a tilting function material where Q in the multiple oxide expressed by said general fomiula Lix«Mn2.a.bMbQc04«i 
has a higher density on the surface layer than inside the particles (including primary and/or secondary particles . 
r00291 The reason is that reaction of decomposition of the organic compound In the electrolyte at a high voltage is 
carried out by the action of catalyst of M which is highly oxidized on the positive electrode surface. So the field of reac- 
tion is limited to the particle surface. Therefore, when the density of Q in the multiple oxide 's higher on the surface layer 
than inside the particles, the effect to reducing decomposition of the organic component in the electrolyte at a high volt- 
age is effectively utilized, thereby ensuring longer service life. 

[00301 The main composition inside particles of said positive electrode activator is expressed by the general for- 
mula Li Mn, , kMkQ,04«i (where M denotes at least one element selected from among Ni, Fe. Co. Cu and Cn Q 
delehttas^^^^^^^^^ from among C. N. S. P. Si. F. CI. I and Br; and x. a. b. c and d are wUhin the range 

of0<x<1 1 0<a<05 0.05S b < 1.0, 0.000001 < c < 0.05 and 0 < d < 0.1 . respectively). 
[0031] The production method for said positive electrode material fe not restricted in any particular manner. It can 
be produced by adding the material containing C. N. S. P. Si. F. CI. I and Br. for example. SiOg. SiSg, LIF LI3PO4. LiCI. 
P4S3. P4S7. H3PO4. CS2, CI4. CBr4, tar and the like to other materiate. and by baking the positive electrode activator 
45 at a specified temperature. • ■ ■ n„ 

[0032] Furthermore, it can ateo be synthesized as follows: A compound expressed by the general formula U^^J^nz. 
: mJd. (where M denotes at least one element selected from among NI. Fe. Co. Cu and Cr. and x, a and b are within 
the range of 0 s 1 .1. 0 < a s 0.5. and 0.05 < b S 1 .0. respectively) is synthesized in advance, and is treated in the gas 
phase of CF4. COCI2. COS. NF3. NCI3. NOP, NOC,. NOzF. NO2CI. PF5. PF3. PCI5. POF3. POCI3. HPFe. SiF4. SiiHCb 
and the like according to CVD method using radio frequency plasma, etc.. irradiation of ultraviolet ray, low temperature 
baking in the above-mentioned atmosphere. Furthemiore, It can also be obtaining by dipping said positive elertrode 
activator In the liquid of CCI4. HBr04. BeF3. BrCI. CSg, HNCS, IF5. 1204. 12O5. HPO2F2. H3PO4. SUC^ak SiF(CH3)3. 
SiCI(CH3)3. SiI(CH3)3 and the nke under a specified temperature and by drying it. It can also be obtained by adding It 

roraS'^°The negative electrode activator is not particularly restricted. However, the battery of the present invention 
exhibits excellent characteristics if it contains at least one of low crystalline carbon and high crystalline carbon selected 
from among conductive materiate such as graphite, thermally decomposed graphite, carbon fiber, caibonaceous mate- 
rial of gas phase growth, pitch based carbonaceous material, coke based cartaonaceous material, phenol based car- 
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bonaceous material, rayon based carbonaceous material, polyacrylo nitrile based carbonaceous material, glassy 
carbon, carbon black, furfuryl alcohol based carbonaceous material and polyparaphenylene; or the caibon matenal 
containing a combination of muKiple numbers of them. 
[0034] The electrolyte Is not particularly restricted, it is possible to use; 

' (A) mixed solutions between (1) at least one non-aqueous solvent selected from among the groups consisting of 
propylene carbonate, propylene carbonate derivative, ethylene caitoonate. butylene carbonate, vinylene carbonate, 
rbuii lactone, dimethyl carbonate, diethyl carbonate, methyl ethyl ca-bonate. 1, 2-dimethoxy ethane. 2-methyltet- 
rahydrofuran. dimethylsulfoxide. 1. 3-dioxolone, formaldehide. dimethylformaidehide, dioxolane. acetonrtrje 

ID nitromethane. methyl fomiate. methyl acetate, ethyl propionate, methyl propionate, triester phosphate trimethyl 
phosphate, triethyl phosphate, trimethoxy methane, dioxolane derivative, diethyl ether, 1, 3-propanesultone. sul, 
iolane. 3-methyl-2-oxazolidinone. tetrahydrofran. tetrahydrofran derivative, dioxolane 1. 2-diethoxye«iane or their 
halides: and (2) lithium salt, for example, at least one salt selected from among L1CIO4, L1BF4. LiPFe. L.CF3SO3. 
UCF3CF2SO3. UCF3C02.'LIAsF6, LiSbFe. LIB,oCI,o. UAIC^. LICI. LIBr. Lil. lower aliphatic lithium carbonate, chlo- 

15 roborane lithium and lithium quaterphenyl borate; or , 

(B) gel-formed electrolyte obtained by mixing (1) these mixture solutions with (2) polymer for example at least one 
selected from a group consisting of polyacrylonltrile. polyethylene oxide, polyvlnylldene fluoride, methyl polymeth- 
acrylate. and hexaphloropropylene, etc. This is because positive electrode matenal to control decomposition of 
electrolyte according to the present invention is used. 

100351 The field of application of a lithium secondary battery according to the present invention characterized by Its 
capatjility of charging and discharging is not particularly restricted. It can be used as power supply for such equipment 
as for example, a notebook personal computer, pen-based personal computer, pocket personal computer, notebook 
word processor, pocket word processor, electronic player, cellular mobile telephone, cordless phone handset, pager. 
25 handy temilnal. portable copier, electronic personal organizer, calculator, liquid crystal TV. electro: shaver, powertool. 
electronic translating machine, car telephone, transceiver, voice input equipment, memory card, backup power supply, 
tape recorder, radio set, headphone stereo, portable printer, handy cleaner, portable CD. video movie, navigation sys- 
tem It can also be used as power suppV for a refrigerator, air conditioner. TV. stereo set, water heater, microwave oven 
dish washer, washing machine, drier, game machine, illumination equipment, toy. road conditioner, medical equipment, 
30 car, electric car, golf cart, motor driven cart, power storage system, etc. It can also be used for power supply for space 
activities as well for consumer products. ....... ^.f 

[0036] If an enclosed lithium secondary battery is charged under the condition that charging tenmination voltage of 
a single battery is as high as 4.7 volts according to the prior art. the organic component in electrolyte is easily decom- 
posed and turned into vapor to be stored in the battery. This has been a problem of the prior art. This problem can be 
35 solved by using the positive electrode material according to the present invention. 

[0037] Spinel based lithium manganate obtained by replacing part of manganese with nickel according to the prior 
art spinel based lithium manganese multiple oxide expressed by a general formula LlxMn(2.y.2)MyCr,0(4^p) (where N 
denotes Ni or Co), and the lithium inserted compound expressed by a general formula Lix^Mn(2.y.z)M^Cr^04 (where m 
denotes transition metal) hardly decompose the organic component in electrolyte in the uncharged state at a low poten- 
■40 tial, for example, at 3 to 4 volts. mi 
[0038] However, In the charged state at high potential, for example, at 4.3 volts or more, the affinity unit of Mn. Ni, 
Cr CO and other transition metal is into divalent to trivalent or still higher (tetravalent or more). Said transition metal in 
such highly oxidized state has an extremely high electrocatalyst activity for decomposition on of the organic component 
in electrolyte. So decomposed gas such as CO2. hydrogen, methane, ethane, ethylene and propane is generated. 
[0039] The authors of the present invention considers that the catalyst effect can be controlled and electrolyse 
decomposition can be reduced to prevent gas from generating, by adding the element acting as catalyst poison or the 
element allowing chemical adsorption to the catalyst active point on a selective basis in order to ensure that said tran- 
sition metal in highly oxidized state does not have high electrocatalyst activity for decomposition on of the organic com- 

ro04m ^B^ed^^n this way of thinking, the authors of the present invention studied addition of different elements 
ranging over a great number of types. This study has led to the material mentioned In the present Invention. The mate- 
rial with the addition of 0. N. S. P. Si. F. CI. I and Br is used as the positive electrode material according to the present 

10041]°"' When the material is synthesized, these elements allows closely packed film to be formed on the surface of 
the positive electrode, or permits surface adsorption to take place onto the transition metal serving as an active point of 
the cataVst on an selective basis. In addition, the film containing these elements has an effect of catalyst poison which 
reduces the effect of the catalyst. .u 1 « 

10042] . Thus, even when electrolyte.made of UPFg and LIBF4 dissolved Into the mixed solvent such as ethylene car- 
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bonate. dimethyl carbonate and diethyl carbonate is used, electrolyte decompcsion car, be reduced at a high voltage. 
Therefore, the cycle life of the enclosed battery is considerably prolonged. 

[Embodiment 1] 

perature for one hour. temperature of 630 to 760 degrees Celsius for 20 hours, they are baked 

To held a? 800 1^960 de rees Celsi^^?^^^^^^^^^ Graph«e as a conducting agent and vinylidene po^luoride as 

!oM6, Bolh p.sn». and .eg*, elaclrode. .re ™iled and molded by a press and ,em.lnals are spol weldad. Tn.n 
'Zr^^Zr: :Vcr,rC" a^Ss se*na, v,e» on. e.a„,e o. ,n. .a..r, s„„«u. 

m048]' BhyJnTcarbonate and diethyl cart^onate are mixed at the volume ratio 30:70 as the non-aqueous solvent 
of electrolvte and 1.5 mol of LiBF4 is dissolved and poured into the battery container 4. H,=„«t»rnf 
?00?9r ^.e battery cover 7 is mounted on the battery container 4 to fom, a cylindrical battery having a diameter of 

wfcoSedM Average disoharge .oltag. is »ithin Ih. rang, g'.ater than « veils and ^•"''f'f ° "'"^ 
?.rrn.«ra-"oLrepr.se«g.nare.^^^^^^ 

^T^^S:^^^^.^,^^"^ — vald. ,'n « .«p.r..™n,,„n.n ^ 

S Crl'3%3rr«.'ns«p bel».en »e .alae c C ,n. p.s«.. .Ldrod. acllvator L«n,,NQ.O.., ,0 

'SrrrC ......nsMp .e^een ,ne value . ^-^'^»^^-^^J^:rZ 

LiMn, .Nin.Q H (Q denotes F. CI. Si. Br and N) and discharge capacity. In any of elements F. CI Si. B and N the 
r^c^er^eilem of both the cycle life and discharge capacity are met when the value c as the volume of ele- 
ments to be added is within the range from 0.000001 to less than 0.05. Mn 
S Figure 5 shows the relationship between the value a representing the "^/f '^^^^^^'f^^fi"^ 

aNW S0.01O4.08 and discharge capacity. Discharge capacity exhibits the maximum value when value a is withm the 

Sr'"SSr°e 6 Shows the relationship between the value c and value d of LiMn,.6Nio.4Sic04«,. When value c is 
within the range from 0.000001 to less than 0.05. value d is within the range from 0 to 0.1. 

I [Embodiment 2] 

[00561 ' To synthesize the positive electrode material having a composition of UMn1.6Nlo.4O4. UzCOa^ ^."om'tem- 
Ni{N03)2 as material is weighed out Then ethanol is added to it. and is mixed by a centrifugal ' J 
peratu^efor one hour. Afterhavingbeenleftto stand in air at 660 degrees Celsius for20 hours. M 

) held at 860 degrees Celsius for 20 hours. * „ rotinn nf o 01 

10057] Any one of CS^. LiF. LiCI. SiO^. U3PO4 ar.d tar is weighed out and added to m.s to a rn^^^^^^ ^"J^ 
Vhen ethanol is added thereto, and a centrifugal ball mill is used to mk them at a room temperature for one hour. Then 
the resulting mixture is baked while being held in air at 600 degrees Celsius for 5 hours. 
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ron^ai The oositive electrode activator particle of the LiMn,.6Nio.4Qo.oi04.08 (Q denotes F. CI. Si and S) thus 
Eed is dC TEM^ELS is used to analyze the dens"^ of the element to be added fro. the part.c.e surface 

lir'' Rau^y Shows the relationship between the relationship between the atom of added element Q with 
e St to 2 a^rd om the partide surface into the particle Interior. This confirms that the product .s a t,.t,ng 

ToZT' It has been revealed that, in each of the added elements, discharge capacrty is as high as 800 to 960 mAh 
and the cycle iS fs as long as 600 cycles. It has also been shown that. In each of them, the average discharge voltage 
IS greater than 4.3 volts and is smaller than 5.0 volts. 



75 [Embodiment 3] 

r00621 Similarly to Embodiment 1 . the positive electrode activators (No.1 to No.25) having the composition shown 
In ible 1 arrSesized and used for the experiment. Also similarly to Embodiment 1. discharge capacity and cycle 

JSbS ''"S'cases the average discharge voltage is within the range greater than 4.3 volts and smaller than 5.0 
Ss Discharge LTadty is as high as 800 to 960 mAh. and cycle life is as long as 600 cycles, exhibiting an extremely 

long service life. 
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Table 1 



Sample 
number 


Composition of Positive electrode 
material 


Discharge capacity 


Average discharge 
voltage (V) 


Service life 
(times) 


1 


Lii o4Mni.26Nio,3^^o.4So,oi04.oi 


970 


4.45 


550 


2 


l-i1.04Mn1.26Nio.3Cuo.4So.01O4.01 


980 


4.62 


630 


3 


Lii,o4Mni.26Nio.3f^®0-4So.oi04.oi 


950 


4.58 


600 


4 


Lii,o4Mni_26Nio.3C''o.4So.oi04.oi 


990 


4,65 


570 


5 


Li1.04Mn1.36Ni0.3Fe0.2S0.01O4.01 


950 


4.73 


560 


6 


Li104Mno.96Feo.3Ooo.5So.01O4.01 


910 


4.68 


510 


7 


Li104Mn0.96Fe0.5Ou0.5S0.01O4.01 


990 


4.69 


520 


8 


Li1o4Mn0.96Oo0.5Ou0.5S0.01O4.01 


930 


4.47 


510 


9 


Li1.04Mno.96Feo.5Oro.5So.01 04.01 


910 


4.98 


670 


10 


Li1.1Mn1.57Nio.3Ouo.03So.01O4.01 


810 


4.72 


680 


11 


Lii .1 Mni,57Nio.3Feo.o3So.oi O4.01 


920 


4.64 


640 


12 


Lii iMni^7Nio.3COo.o3So.oi04.oi 


820 


4.65 


660 


13 


Lii.i Mni ,57Nio.3Cuo.o3Saoi O4.01 


910 


4.74 


570 


14 


Lii.2Mni.oNio.i Feo.02So.01O4.01 


980 


4.61 


610 


15 


□i 04Mni.26Nl0.3OO0.4^0.0lO4.01 


840 


4.73 


570 


16 


Lli 04Mni 26NI0.3OU0.4F0.01O4.01 


870 


4.35 


550 


17 


Lii .04Mni ^26Nio.3^6o.4Po.oi O4.01 


880 


4.62 


530 


18. 


Lii 04Mni 26Nio.3Oro.4Po.01O4.01 


850 


4.58 


640 


19 


□i 04Mni 36Nio.4f^eo.2Fo.oi04.oi 


890 


4!55 


670 


20 


Lii .o4Mno.96Feo.50oo.5Fo.oi04,oi 


850 


4.73 


660 


21 


Lii.o4Mno.96f^So.50uo.5Po.oi04.oi 


810 


4.78 


600 



25 



30 



35 



40 



45 



SO 
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Sample 
number 


Composition of Positive electrode 
material 


ntc^hamp pfloacitv 

(mAh) 
890 


Average discharge 
voltage (V) 

4.69 


Service life 
(times) 

590 


22 
23 


'-'1-O4'*"'0.96~**0.5^ 0.5' O.Oi 

LI 1-04'*' ''0.96"** 0.5^ 0.5' u.ui^4.ui 


830 


4.77 


710 


24 


1 1 KAn ....NIIa rtf^llrt ftoFrt msJa m 

Ll-j 1 ivin^ 57i>i 10,3^^0.03' 0.ui^*».ui 


810 


4!5i 


670 


25 


1-ii .1 Mni 57Nio.3Feo^o3Fo.oi O4.01 


810 


4.52 , 


680 


26 


Ui.iMni.57Nio.3Coo.o3f^a.oi04.oi 


820 


4.44 


74U 


27 


Li 1 .1 M n 1 .57Nio.3C''o.03^o.oi O4.01 


820 


4!6i 


560 


28 


Lii 2Mf^1.oN'o.3^''0.02^0.0l04.01 


810 


4.71 


570 


29 


Li 1 .04M n 1 .36^10.4 Feo.aPo.o 1 04.02 


880 


4.65 


520 


30 


Li 1 ,04^ n 1 .36^10.4^^^0.2^0.01 ^0.01 ^4.04 


840 


4.63 


670 
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15 



20 



[Reference Example 1] 

^ u ^- ♦i MK/in M n fM-Ni Co Fe Cu Cr) is synthesized, and a prototype battery 
[0064] Similarly to Embodiment 1. LiMni,6Mo.404 - i^'' ^'^ ^ 

„ llTht * is « has bae» ,e.e=l.d «,a. m cde * Is .s sho« =s « .0 75 cydss. 

[Embodiment 4] 

more). 
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Claims 

1. A positive electrode activator for the lithium secondary battery composed of non-aqueous electrolyte including neg- 
ative electrode (3). positive electrode (2) and nthium salt; 

said positive electrode activator for secondary battery characterized by Inclusion ^^^J ™«f J^';^^^^^^^^ 
sente'd by a general formula U,^,m,.,.,M,QcO,^ (where M denotes at 'east °"e element selected frorn 
afnonq Ni Fe Co. Cu and Cr; Q denotes at least one element selected from among C. N . S. P. SI. F. cu ana 
Tandxla b,c and dare wrthln the mn^^ 0.5. 0.055b 5 1.0. 0.000001 5c<0.05and 

0 < d < 0,1 , respectively). 

2. A positive electrode activator for the lithium secondary battery according to claim 1 wherein said positive electrode 
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activator comprises; 

m thP multiDle oxide represented by a general formula Li,,aMn2.a.bMbQc04«i(where M denotes at least one 
(1) the multiple ox ae represen y y ^^^^^^ selected from among 

A positive electrode activator for the lithium secondary battery composed of non-aqueous electrolyte including neg- 
ative electrode (3). positive electrode (2). and lithium salt; 

said positive electrode activator characterized by inclusion of the multiple oxide represented by a general for_ 
said P°s™^ ^'^'^^ ^ J least element selected from among Ni. Fe, Co. Cu and 

Cr Q eis at'le^ 0°^^^^^^^ -iected from among C. N. S. P. Si. R Cl.l and Br; and x a. b. c and d are 
Sh?ntTnge of ri x . 1 .1 . 0 . a . 0.5. 0.05 . b . 1 .0. 0.000001 . c < 0.05 and 0 . d . 0.1 . respectively). 

density on the surface layer than inside the particle; 

said multiple oxide being represented by a general formula Li,,aMn2.a-bMbQc04^ (where M denotes at least 

e ^e'letcted from a'mong Ni. Fe, Co. Cu and Cr Q denotes ^^^^^^^^^^^^^^^^ 
C. N. S. P, Si. F. CI. I and Br; and x. a. b. c and d are within the range of 0 < x < 1 . 1 . 0 < a < 0.5. 0.05 _ D _ i .u, 
0 "000001 '< c <'o.05 and 0 < d < 0.1, respectively). 
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FIG. 2 




0.001 0.01 0.1 1 10 

VALUE OF b IN LiMn g-b Mb Sq.oi O4.08 
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FIG. 3 




VALUE OF c IN LiMn 1.6 Ni o.4 Qc 04+d 



FIG. 4 




VALUE OF c IN LiMn i.e N< 0.4 Qc ^A+d 
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FIG. 5 

12001 i 




0.0 0.2 0.4 0.6 0.8 

VALUE OF a IN Li^ 01+3^11.6-3^10.4^0.01 04.O8 

FIG. 6 

0.31 i ~ i 



■D 




VALUE OF c IN {Mn \ j^, Ni 0.4 Sic 04+d 
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FIG. 7(b) 

CEROSS SECTIONAL VIEW PARTICLE 
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